Abstract (150 words; limit 150)
Several studies have investigated interactions between different clock neurons. Artificially

74
How neuronal communication influences the fly core feedback loop is not well understood.
75
The latter consists of several interlocked transcriptional-translational feedback loops, which 76 probably underlie rhythms in behavior and physiology (Hardin, 2011) . A simplified version of neurons is a classic assay to visualize these molecular oscillations (Menegazzi et al., 2013) . neurons, suggesting that PDF normally serves to delay cycling in target neurons (Wu et al., 91 2008). This is consistent with experiments showing that PDF signaling stabilizes PER (Li et al., 92 2014). In addition, neuronal activation is able to mimic a light pulse and phase shift the clock 93 due to firing-mediated TIM degradation .
94
To investigate more general features of clock neuron interactions on the circadian machinery, 95 we silenced the majority of the fly brain clock neurons and investigated behavior and clock 96 protein cycling within the circadian network in a standard light-dark cycle (LD) as well as in 97 constant darkness (DD). Silencing abolished rhythmic behavior but had no effect on clock was not affected by neuronal silencing in DD, the sLNvs dampened almost immediately.
102
Interestingly, this differential effect is under transcriptional control, suggesting that some 
Results:
110
To investigate the effects of clock network communication on fly behavior, we silenced most 111 adult brain clock neurons using UAS-Kir (Johns et al., 1999) . To this end, we used the clk856-
112
GAL4 driver, which is expressed in most clock neurons (Gummadova et al., 2009 ) and first 113 addressed locomotor activity behavior in a 12:12 LD cycle.
114
Both control strains show the expected morning and evening (M and E) anticipation 115 increases, which are normal behavioral manifestations of clock function ( Fig. 1A and 1C ). There 116 is however no discernable activity anticipation in the silenced flies. Only brief activity increases 117 are visible, precisely at the day/night and night/day transitions (Fig. 1B) ; these are startle 118 responses (Rieger et al., 2003) . Flies lacking PER show similar behavior (per 01 Fig. 1D ).
119
To address possible developmental defects, we added tub-GAL80ts as an additional 120 transgene to silence the clock network in an adult-specific manner. In this system, GAL80 is 121 active at low temperatures (18ºC) and inhibits GAL4 expression. By increasing the temperature 122 to 30ºC, GAL80 is inactivated, GAL4 is then functional and the clk856 network silenced 
7
At the low temperature, the controls and experimental lines show a typical wild-type 125 bimodal activity pattern, which disappeared in experimental flies after switching to the high 126 temperature (Suppl. Fig. 1 ). This shows that the clk856>Kir phenotype is not caused by defects 127 during development.
128
We next compared the behavior to flies with silenced PDF neurons. Adult-specific 129 silencing of the PDF neurons using the gene-switch system reduced M anticipation and 130 significantly advanced the timing of the E peak ( Fig. 1E and 1F 
143
To distinguish between these possibilities, we assayed behavior and molecular cycling in 144 constant darkness (DD). Only 17% of the silenced flies were rhythmic, indicating that network 145 silencing causes high levels of DD arrhythmicity ( Fig. 2A) . To rule out developmental effects,
146
we applied the tub-GAL80ts system as described above: 80 percent of the experimental flies were 147 8 rhythmic at 18ºC, but they were profoundly arrhythmic at 30ºC with only two rhythmic flies 148 (Suppl. Fig. 2 ). In contrast, adult-specific silencing of only the PDF neurons more weakly 149 reduced rhythmicity ( Fig. 2A ) and also caused a short period (Fig. 2B ), phenotypes that are 150 essentially indistinguishable from those of the classical pdf 01 mutant (Renn et al., 1999) .
151
To address why network silencing has such a profound effect, we assayed PER and PDP1
152
protein cycling after five days in constant darkness (DD5). As expected, all assayed clock 153 neurons from control strains maintain robust and coordinated cycling in DD ( Fig. 2C-H) ; the 154 sLNvs, LNds and DN1s peak slightly sooner than in LD, consistent with the slightly less than 24
155
hr circadian period in DD (Fig. 2B ).
156
In striking contrast, silencing the clock network causes clock protein cycling within the 157 individual neuronal subgroups to differ strongly from each other, in amplitude and in phase.
158
Clock protein cycling in the LNds is least affected by neuronal silencing and with little to no 159 change in phase or amplitude, suggesting a robust and possibly self-autonomous clock in these 160 neurons; see Discussion ( Fig. 2D and 2G ). The sLNvs in contrast dampen and rapidly become 161 arrhythmic, suggesting that these cells are rather weak oscillators and require network activity or 162 light for proper molecular rhythms ( Fig. 2C and 2F ). The DN1s also dampen but less strongly.
163
They manifest low amplitude cycling, which is phase-advanced; this intermediate situation
164
suggests a fast and somewhat network dependent clock in DN1s ( Fig. 2E and 2H ). The DN2s
165
were similar to the DN1s (data not shown). A comparable set of effects were observed in adult-
166
specific silencing experiments (Suppl. Fig. 3 ).
167
To further address the molecular basis of the silencing dependence, we applied a addition, clock network silencing had no effect on tim mRNA cycling amplitude or phase in LD,
174
which parallels the protein cycling results (Fig. 3A and 3B ). In constant darkness (DD5), the 175 controls show robust cycling in both sLNvs and LNds as expected, but silencing causes a 176 profound decrease in tim mRNA signal in the sLNvs; the LNds cycle normally ( Fig. 3C and 3D ).
177
These data indicate a direct correlation between neuronal activity and tim RNA levels at least in 
186
The results to this point indicate that neuronal activity/communication is essential for 187 rhythmicity as well as synchronized, high amplitude clock protein cycling in DD conditions.
188
However, these results do not provide a hierarchy among the different groups, nor do they activity (E cells: 3 LNds and the 5th sLNv) with MB122B-split-GAL4 had no effect on 217 rhythmicity (Fig. 4J ). However, a PERKO in both groups achieved with Mai179-GAL4, lowered 218 rhythmicity to less than 20% (Fig. 4K) . Similar results were obtained with dvPDF-GAL4, which 219 expresses in similar neuron groups (data not shown).
220
To address whether other neurons have similar effects, we expressed the PER guides 221 elsewhere: knockout in the retina (GMR-GAL4), glial cells (repo-GAL4) or DN1s (clk4.1M-
222
GAL4 and AstC-GAL4) did not affect rhythmicity (Suppl. Fig. 6 ). These findings taken together
223
suggest that a clock in either of two key places, the sLNvs or the LNds, can drive rhythmic 224 behavior.
225
We also assayed the free-running DD periods of flies lacking PER in individual neuron showing that silencing the PDF neurons had no effect on PER cycling within these neurons DD; in contrast, robust cycling was maintained in the LNds (Fig 2D and 2G ). This suggests that 
294
The second approach was a cell-specific knockout strategy, applied to the clock neuron 295 network. We generated three guides targeting the CDS of per and also expressed CAS9 in a cell- background effects (Fig. 4B-G 
Material and Methods
351
Fly strains and rearing: with the exception of adult-specific silencing experiments for which flies were raised at 18°C.
364
Fly line generation:
365
We generated a UAS-per-g line following the protocol published by (Port and Bullock, 2016 Behavior recording and data analysis. continued recording the behavior for 6 more days in DD at 18°C.
393
We generated actograms using ActogramJ (Schmid et al., 2011) . We next generated average 394 activity profiles of at least the last 3 days of LD condition as previously described (Schlichting 395 and Helfrich-Förster, 2015). Each experiment consists of at least 2 biological repeats. DD 396 analysis was performed using chi2-analysis. Statistical analysis was performed using a student's 397 t-test or one-way ANOVA followed by post-hoc Tukey analysis. 
438
Brains were mounted on glass slides using Vectashield mounting medium (Vector
439
Laboratories INC., Burlingame, CA, USA) and scanned using a Leica SP5 microscope in 1.5 um (black data points ± SEM, pooled GAL4 and UAS) is highly synchronized with peak levels LNds (MB122B-split-GAL4) (J) had no effect on rhythmicity. KO in both places (Mai179-522 GAL4) significantly decreases rhythmicity (K). whereas both controls (black) show high levels of rhythmicity. We observed no effect on free-552 running period at 18 degrees (C) but flies experimental flies showed the tendency towards a long 553 period at 30 degrees (D), similar to clk856>Kir (Fig. 2B) . 
